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IMAGING APPARATUS AND METHOD OF
CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(a)to
Korean Patent Application No. 10-2013-0054549, filed on
May 14, 2013, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present general inventive concept relates to an imaging
apparatus and a method of controlling the same, and more
particularly to an imaging apparatus and a method of control-
ling the same, which can perform divided exposure.

2. Description of the Related Art

An imaging apparatus receives light through a lens to cap-
ture an image. A light receiver of an image sensor acquires the
received light, converts the acquired light into an electrical
signal, and transmits the electrical signal to an image signal
processor.

The light receiver may be implemented by a semiconductor
device, such as a photodiode. Accordingly, if the light
receiver receives light for a long time, the semiconductor
device is deteriorated due to the characteristic of the semi-
conductor device. In general, dark current due to the deterio-
ration increases by a factor of two whenever temperature is
increased by about 6 degrees. As the dark current is increased,
the characteristic of a dynamic range of an image sensor is
degraded, and this exerts an influence on the picture quality.

In order to solve this problem, various methods have been
proposed. For example, in order to prevent the deterioration
due to the dark current, conventional methods divided the
entire exposure time into n exposure times and calculated the
divided exposure times using measured dark current and tem-
perature values. According to this method, however, it is
required to calculate respective independent variables for the
divided exposure. Accordingly, the above-described method
has drawbacks in that it is greatly influenced by the deviation
of the independent variables, and therefore it is difficult to
control the divided exposure times accurately. For example,
since the dark current is measured after the exposure time, it
becomes difficult to cope with the temperature displacement
during a delay time corresponding to the exposure time. Fur-
ther, since the measurement deviation of a temperature sensor
for the temperature measurement exists, it is difficult to cal-
culate accurate divided exposure times.

Accordingly, there has been a need for a technology which
can measure the dark current in real time and can perform
accurate divided exposure in real time.

SUMMARY OF THE INVENTION

The present general inventive concept has been made to
address at least the above problems and/or disadvantages and
to provide at least the advantages described below. Accord-
ingly, the present general inventive concept provides an imag-
ing apparatus and a method of controlling the same, which
can measure dark current in real time, and perform divided
exposure in real time based on the measured dark current.

Additional features and utilities of the present general
inventive concept will be set forth in part in the description
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which follows and, in part, will be obvious from the descrip-
tion, or may be learned by practice of the general inventive
concept.

The foregoing and/or other features and utilities of the
present general inventive concept may be achieved by pro-
viding an imaging apparatus including an image sensor con-
figured to have a plurality of light receivers that receive light;
a detector configured to detect a monitoring voltage which
corresponds to a difference between a dark voltage corre-
sponding to dark current generated from at least one of the
plurality of light receivers and a predetermined reset voltage;
and a controller configured to reset the image sensor if the
monitoring voltage detected by the detector becomes lower
than a threshold voltage.

The controller may repeat to reset the image sensor when-
ever the monitoring voltage becomes lower than the threshold
voltage while the at least one of the light receivers receives the
light.

The detector may include a first detector configured to
detect a first monitoring voltage which corresponds to a dif-
ference between a dark voltage that corresponds to dark cur-
rent generated from a first light receiver of the plurality of
light receivers and the predetermined reset voltage; and a
second detector configured to detect a second monitoring
voltage which corresponds to a difference between a dark
voltage that corresponds to dark current generated from a
second light receiver of the plurality of light receivers and the
predetermined reset voltage, wherein the controller resets the
image sensor if an average value of the first monitoring volt-
age and the second monitoring voltage becomes lower than
the threshold voltage.

The threshold voltage may be a voltage that is set to cor-
respond to a predetermined photo-sensing speed.

The detector may include an ADC (Analog-to-Digital Con-
verter), the ADC may convert the monitoring voltage into a
corresponding digital value to output the digital value, and the
controller may reset the image sensor if the digital value
becomes lower than a predetermined threshold value.

The foregoing and/or other features and utilities of the
present general inventive concept may also be achieved by
providing a method of controlling an imaging apparatus
including an image sensor having a plurality of light receiv-
ers, the method including detecting a monitoring voltage
which corresponds to a difference between a dark voltage that
corresponds to dark current generated from at least one of the
plurality of light receivers that receive light and a predeter-
mined reset voltage; and resetting the image sensor if the
detected monitoring voltage becomes lower than a threshold
voltage.

The step of resetting the image sensor may repeat to reset
the image sensor whenever the level of the monitoring voltage
becomes lower than the level of the threshold voltage while
the at least one of the light receivers receives the light.

The step of detecting the monitoring voltage may detect a
first monitoring voltage which corresponds to a difference
between a dark voltage that corresponds to dark current gen-
erated from a first light receiver of the plurality of light
receivers and the predetermined reset voltage, and may detect
a second monitoring voltage which corresponds to a differ-
ence between a dark voltage that corresponds to dark current
generated from a second light receiver of the plurality of light
receivers and the predetermined reset voltage, and the step of
resetting the image sensor may reset the image sensor if an
average value of the first monitoring voltage and the second
monitoring voltage becomes lower than the threshold volt-
age.
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The threshold voltage may be a voltage that is set to cor-
respond to a predetermined photo-sensing speed.

The method for controlling an imaging apparatus accord-
ing to the aspect of the present general inventive concept may
further include converting the detected monitoring voltage
into a corresponding digital value to output the digital value,
wherein the step of resetting the image sensor resets the image
sensor if the digital value becomes lower than a predeter-
mined threshold value.

As described above, according to various embodiments of
the present general inventive concept, the divided exposure
can be performed in real time.

The foregoing and/or other features and utilities of the
present general inventive concept may also be achieved by
providing an imaging apparatus comprising an image sensor
including a plurality of light receivers to receive light, a
detector to detect a monitoring voltage of at least one of the
plurality of light receivers, and a controller to reset the plu-
rality of light receivers if the monitoring voltage of the at least
one of the plurality of light receivers becomes lower than a
threshold voltage.

The monitoring voltage may correspond to a difference
between a dark voltage and a predetermined reset voltage, and
the dark voltage corresponds to a dark current generated by
the at least one of the plurality of light receivers.

The dark current may be current generated in response to
deterioration of the at least one of the plurality of light receiv-
ers as the at least one of the plurality of light receivers con-
tinuously operates through continuous light exposure.

When the monitoring voltage of the at least one of the
plurality of light receivers repeatedly becomes lower than the
threshold voltage while the atleast one of the plurality of light
receivers receives light, the controller repeatedly resets the
plurality of light receivers while the at least one of the plu-
rality of light receivers continuously receives light.

The foregoing and/or other features and utilities of the
present general inventive concept may also be achieved by
providing a method of controlling an imaging apparatus, the
method including detecting a monitoring voltage of at least
one of a plurality of light receivers, and resetting the plurality
of light receivers whenever the monitoring voltage of the at
least one of the plurality oflight receivers becomes lower than
a threshold voltage.

The detecting a monitoring voltage may include subtract-
ing a dark voltage from a predetermined reset voltage, the
dark voltage corresponding to a dark current generated by the
at least one of the plurality of light receivers in response to
deterioration of the at least one of the plurality of light receiv-
ers as the at least one of the plurality of light receivers con-
tinuously operates through continuous light exposure.

The resetting the plurality of light receivers may include
repeatedly resetting the plurality of light receivers while the at
least one of the plurality of light receivers receives light if the
monitoring voltage of the at least one of the plurality of light
receivers repeatedly becomes lower than the threshold volt-
age while the at least one of the plurality of light receivers
continuously receives light.

The foregoing and/or other features and utilities of the
present general inventive concept may also be achieved by
providing a non-transitory computer-readable medium to
contain computer-readable codes as a program to perform a
method of controlling an imaging apparatus, the method
including detecting a monitoring voltage of at least one of a
plurality of light receivers, and resetting the plurality of light
receivers whenever the monitoring voltage of the at least one
of'the plurality of light receivers becomes lower than a thresh-
old voltage.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other features and utilities of the present
general inventive concept will become apparent and more
readily appreciated from the following description of the
embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 is a block diagram of an imaging apparatus accord-
ing to an embodiment of the present general inventive con-
cept;

FIGS. 2A to 2C are diagrams explaining dark current
according to the present general inventive concept;

FIGS. 3A to 3C are diagrams illustrating a potential well
that corresponds to a photo-sensing speed according to an
embodiment of the present general inventive concept;

FIG. 4 is a diagram illustrating a method of detecting a
monitoring voltage according to an embodiment of the
present general inventive concept;

FIG. 5 is a diagram illustrating a method of performing
divided exposure according to an embodiment of the present
general inventive concept;

FIG. 6 is a diagram illustrating an arrangement of moni-
toring pixels according to an embodiment of the present gen-
eral inventive concept; and

FIG. 7 is a flowchart of a method of controlling an imaging
apparatus according to an embodiment of the present general
inventive concept.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following description of the present general inven-
tive concept, a detailed description of known functions and
configurations incorporated herein will be omitted when it
may make the subject matter of the present general inventive
concept rather unclear. Also, the following terms are defined
considering functions of the present general inventive con-
cept, and may be differently defined according to the inten-
tion of an operator or custom. Therefore, the terms should be
defined based on the overall contents of the specification.

Reference will now be made in detail to the embodiments
of the present general inventive concept, examples of which
are illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout. The
embodiments are described below in order to explain the
present general inventive concept while referring to the fig-
ures.

FIG. 1 is a block diagram of an imaging apparatus accord-
ing to an embodiment of the present general inventive con-
cept.

Referring to FIG. 1, an imaging apparatus 100 includes an
image sensor 110, a detector 120, and a controller 130.

The imaging apparatus 100 may be implemented by a
digital camera, a smart phone, a camcorder, a digital TV, a
notebook computer, a tablet PC, or the like, so long as the
apparatus may take digital pictures and/or record digital
video recordings.

The image sensor 110 serves as a film of a film camera.
Specifically, light that is received through a lens reaches the
image sensor 110. The image sensor 110 includes a plurality
of light receivers (not illustrated) that receive the light. In
general, the light receiver is implemented by a photodiode.
The photodiode senses the received light and converts the
sensed light into an electrical signal. The sensed light is
converted into digital information, such as brightness, color,
and coordinates according to the strength and position of the
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light. In the image sensor 110, a complementary metal oxide
semiconductor (CMOS) and a charge coupled device (CCD)
may be provided.

The detector 120 may detect a monitoring voltage which
corresponds to a difference between a dark voltage corre-
sponding to dark current generated from at least one of the
plurality of light receivers and a predetermined reset voltage.

The dark current is current that is generated due to deterio-
ration of the light receiver that is implemented by a semicon-
ductor device as the light receiver continuously operates
through continuous exposure. The dark voltage is a voltage
that is proportional to the dark current. The reset voltage is a
voltage of a portion where a reset circuit and the light receiver
are connected to each other. That is, the reset voltage is an
initial voltage of the light receiver and not a voltage when an
actual reset signal is generated. Accordingly, the initial moni-
toring voltage that is detected by the detector 120 is equal to
the level of the reset voltage. However, if the light receiver is
deteriorated due to continuous exposure, dark current is gen-
erated in the light receiver. The dark voltage is generated in
proportion to the dark current, and the monitoring voltage that
is detected by the detector 120 is gradually lowered.

The detector 120 may detect the monitoring voltage from
the light receiver that is implemented for one pixel in the
image sensor 110. A pixel of the image sensor 110, from
which the monitoring voltage is detected, is a monitoring
pixel. A plurality of monitoring pixels may be set.

If two monitoring pixels are set, there may be provided a
first detector (not illustrated) to detect a first monitoring volt-
age which corresponds to a difference between a dark voltage
corresponding to dark current generated from a first light
receiver and the predetermined reset voltage, and a second
detector (not illustrated) to detect a second monitoring volt-
age which corresponds to a difference between a dark voltage
corresponding to dark current generated from a second light
receiver and the predetermined reset voltage. If a plurality of
monitoring pixels is set and a plurality of corresponding
detectors are implemented, as described above, the monitor-
ing voltage may be calculated by averaging the first and
second monitoring voltages. Although the above describes
utilizing first and second monitoring pixels and correspond-
ing detectors, the present general inventive concept is not
limited thereto. For example, three or more monitoring pixels
and corresponding detectors may be set.

The detector 120 may include an Analog-to-Digital Con-
verter(ADC). The ADC may convert the monitoring voltage
into a corresponding digital value to output the converted
digital value. A detailed example thereof will be described
later.

The controller 130 may reset the image sensor 110 if the
monitoring voltage detected by the detector 120 becomes
lower than a threshold voltage. The threshold voltage may be
set in consideration of a range where an image can be
expressed by the light received in the light receiver.

One or two monitoring pixels detecting the monitoring
voltage may be a part of the whole image sensor 110, but if the
monitoring voltage becomes lower than the threshold volt-
age, the whole image sensor 110 is reset. To reset the image
sensor 110 is to reset all the light receivers (e.g., photodiodes)
implemented in the respective pixels. If the image sensor 110
is exposed to light for a long time (e.g., if a shutter speed is
low), the controller 130 repeats the above-described opera-
tion. That is, while the light receiver of the monitoring pixel
receives light, the detector 120 continuously detects the
monitoring voltage in real time. Further, the controller 130
repeatedly resets the image sensor 110 whenever the moni-
toring voltage becomes lower than a threshold value while the
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light receiver of the monitoring pixel continuously receives
light. Through this process, the imaging apparatus 100 may
perform divided exposure.

Ifa plurality of monitoring pixels is provided, a plurality of
monitoring voltages is also presented. In this case, the con-
troller 130 may calculate an average of the respective moni-
toring voltages, and if the calculated average monitoring volt-
age becomes lower than the threshold voltage, the controller
130 may reset the image sensor 110.

Up to now, the process of performing the divided exposure
has been described based on the block diagram of the imaging
apparatus 100. Hereinafter, dark current generated in the light
receiver and a potential well corresponding to sensitivity will
be described.

FIGS. 2A to 2C are diagrams illustrating dark current
according to the present general inventive concept.

FIG. 2A illustrates a potential well 11 of one photodiode. If
light of sufficient photon energy is received in the diode,
transported electrons and positive (+) holes are generated in
the photodiode, and the electrons are activated. The electrons
that have received energy are excited from a ground state to a
conduction band, and current flows through the photodiode.
In FIG. 2A, light reception is indicated by an input arrow and
current flow is indicated by an output arrow. If current flows,
a voltage is generated in proportion to a resistance compo-
nent. InFIG. 2A, it is assumed that the maximum voltage that
the photodiode can output is 3.3 V.

On the other hand, if a semiconductor device operates in a
photoconduction method, dark current flows through the
semiconductor device. The dark current includes photocur-
rent generated by saturation current of a semiconductor junc-
tion. This dark current causes noise.

FIG. 2B explains a dark voltage that is generated by the
dark current. As illustrate in FIG. 2A, it is assumed that the
potential well 11 of the photodiode can output a maximum
voltage of 3.3 V. If a dark voltage 13a of 0.1V is generated by
the dark current generated in the photodiode, the maximum
voltage of the photodiode becomes 3.2 V. If the photodiode is
in an on state, the dark current and the dark voltage may be
continuously increased, as illustrated in FIG. 2C.

The dark voltage 135 of 0.3V, as illustrated in FIG. 2C, is
generated due to the continuous dark current. In this case, the
maximum voltage that the photodiode can output becomes 3
V. As described above, the dark current that is generated in a
photoconduction type semiconductor device degrades the
performance of the semiconductor device and acts on the
image sensed by the image sensor 110 as noise.

Up to now, the dark current has been described using a
potential well 11. Next, the relationship with sensitivity will
be described using the potential well 11.

FIGS. 3A to 3C are diagrams illustrating a potential well
that corresponds to a photo-sensing speed according to an
embodiment of the present general inventive concept.

The photo-sensing speed is a ratio of speed in which the
imaging apparatus 100 reacts on light. A digital camera fol-
lows International Standards Organization (ISO) 12232:1998
standards. In general, it is indicated that ISO mainly uses a
linear scale. The ISO linear scale corresponds to the former
American Standard Association(ASA) linear scale, and if the
photo-sensing speed increases by a factor of two, the photo-
sensing value also increases by a factor of two. A compact
digital camera may normally have ISO 50-3200 values, and
the Digital Single Lens Reflex (DSLR) may normally have
ISO 100-6400 values. As the ISO value becomes larger, the
sensing speed becomes faster to get a little exposure, and this
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means that the depth of field can be deepened by using a fast
shutter speed or by adjusting the iris in the above-described
light quantity state.

In general, heightening the ISO may be performed using
two methods as follows. The first method is a method of
amplifying a signal using an analog amplifier and the second
method is a method of increasing a digital value. For example,
the method of amplifying the signal with the analog amplifier
is performed before the signal passes through an analog-to-
digital conversion circuit. The second method of increasing
the digital value is performed through a binary shift opera-
tion, and a digital value that is obtained from the analog-to-
digital conversion circuit is used in the second method.

FIG. 3A illustrates a potential well of the light receiver in
the case where the ISO of the imaging apparatus, which
indicates the photo-sensing speed, is set to 100. As an
example, the potential well 15 of the light receiver may
receive the light and convert the light into an electrical signal
to output the electrical signal. Here, it is assumed that the
maximum voltage that the light receiver, which receives the
light, can output is “1”. It should be noted that “1” is not an
absolute voltage value, but instead is a relative value. That is,
in the ISO 100, it is necessary that the voltage value that the
light receiver can maximally output is “1” in order to express
an image. Here, the image expression is image information,
such as brightness information or color information.

FIG. 3B illustrates the potential well of the light receiver in
the case where the ISO is set to 200. As described above, in a
case where the imaging apparatus 100 uses a linear scale with
respect to the photo-sensing speed, and if the photo-sensing
speed increases by a factor of two, as described above, the
image having the same brightness may be expressed with %5
of'the light quantity. That is, since the imaging apparatus 100
can acquire image information with %2 of the light quantity in
ISO 200 as compared with ISO 100, the necessary output
voltage value becomes %2 as compared with that illustrated in
FIG. 3A.

FIG. 3Cillustrates the potential well of the light receiver in
the case where the ISO is set to 400. In the same manner, in a
case where the imaging apparatus 100 uses a linear scale with
respect to the photo-sensing speed, and if the photo-sensing
speed increases by a factor of four, the image having the same
brightness can be expressed with % of the light quantity, and
thus the necessary light quantity becomes 4. Accordingly,
the necessary output voltage value also becomes %4 in pro-
portion to the light quantity.

The imaging apparatus 100 may set the necessary output
voltage value, as described above with reference to FIGS. 3A,
3B, and 3C, as the threshold voltage value. As described
above, the imaging apparatus 100 may always maintain the
necessary output voltage value by setting the necessary out-
put voltage value according to the photo-sensing speed as the
threshold voltage and resetting the image sensor whenever
the monitoring voltage becomes lower than the threshold
voltage.

The above-described voltage value is merely exemplary,
and the present general inventive concept is not limited
thereto. For example, the relative voltage value may actually
have a slight difference depending on the performances or
implementation methods of the image sensor 110 and an
image signal processor (not illustrated). For example, the
necessary voltage values that are set to correspond to the
photo-sensing speeds may be set by additionally adding or
subtracting minute voltage values related to image processing
or elements.

As described above with reference to FIG. 2, the voltage
which may be output by the light receiver due to dark current
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generated in the light receiver is lowered. However, if the
photo-sensing speed is heightened and thus the necessary
voltage value is decreased, an extra value of the voltage value
is relatively increased in the imaging apparatus 100, and thus
exposure for a relatively long time becomes possible.

Up to now, the configuration of the imaging apparatus 100
has been described based on the block diagram illustrated in
FIG. 1, and the relationship between the dark current and the
photo-sensing speed has been described based on the poten-
tial well of the light receiver. Hereinafter, a process of per-
forming the divided exposure through detection of the moni-
toring voltage through the imaging apparatus 100 will be
described.

FIG. 4 is a diagram illustrating a method of detecting a
monitoring voltage according to an embodiment of the
present general inventive concept.

Referring to FIG. 4, the detailed configuration of a moni-
toring pixel and a detector is illustrated. The monitoring pixel
is provided with a light receiver 111. The light receiver 111
receives light, converts the received light into an electrical
signal, accumulates the electric signal, and transmits the
accumulated electrical signal to an image signal processor
(not illustrated) in accordance with a readout signal. For
example, one pixel can include one light receiver.

The detector 120 may further include an Analog-to-Digital
Converter(ADC) 121. The ADC 121 converts an analog value
into a digital value. That is, the ADC may divide the voltage
value into predetermined sections according to the number of
bits, and output the voltage value that corresponds to the
divided section as a digital value. For example, if it is assumed
that the entire voltage value is 3.3 V, and the number of bits is
12 bits, 4096 digital values are provided as a whole. Accord-
ingly, if 3.3 V is divided by 4096, one section corresponds to
about 0.81 mV. That is, if the output voltage value is 0.4 mV,
the ADC outputs “0”, while if the output voltage value is 1
mV, the ADC outputs “1”. The digital value output to the ADC
may be expressed as a code. That is, if the output digital value
is 1024, it may be expressed as 1024 code, while if the output
digital value is 1029, it may be expressed as 1029 code. In the
present general inventive concept, for convenience, explana-
tion will be made on the basis of the voltage value.

If the light receiver 111 operates, the initial reset voltage
value Vreset of the ADC 121 is measured. The reset voltage
value is a voltage that is applied to the reset circuit, and may
be a voltage of the light receiver. If the light receiver 111
receives light through continuous exposure, dark current may
be generated in the light receiver 111. Dark voltage Vt may
also be generated in proportion to the dark current. Due to the
generated dark voltage V1, the voltage that is applied to the
ADC 121 is gradually decreased. That is, in the ADC 121, the
monitoring voltage that corresponds to the difference
between the reset voltage and the dark voltage (Vreset-Vt) is
detected.

If the detected monitoring voltage becomes lower than a
predetermined threshold voltage, a reset signal is applied
from the controller 130 to a reset switch 131. If a reset is
performed, the light receiver 111 returns to the initial state,
and the initial reset voltage of the ADC 121 is detected as the
monitoring voltage.

Through repetition of the above-described processes, the
imaging apparatus 100 can monitor the dark current in real
time, and can promptly perform the divided exposure process.

On the other hand, the circuit illustrated in FIG. 4 is to
detect dark voltage that is caused by the dark current gener-
ated in the light receiver, and a light receiving circuit (not
illustrated) related to image information may exist separately.
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FIG. 5 is a diagram illustrating a method of performing
divided exposure according to an embodiment of the present
general inventive concept.

Referring to FIG. 5, an Advanced Technology Extended
(ATX) signal is applied (17a). The ATX signal indicates that
a shutter is pressed. That is, if the shutter is pressed, the light
receiver 111 of the image sensor 110 receives the light. If the
ATX signal becomes high and then becomes low, the image
sensor 110 continuously receives the light as indicated by
readout signal at (175). Reset is performed along with the
application of the ATX signal as indicated at (17¢). If the reset
is performed, the monitoring voltage Vm that is detected by
the detector 120 becomes the same value as the reset voltage
as indicated at (174d). As described above, the reset voltage is
the same voltage as the initial voltage of the light receiver.

If the exposure continues and the light receiver 111
receives the light, dark current is generated due to the dete-
rioration of the light receiver 111, and dark voltage is gener-
ated in proportion to the dark current, as described above. In
this case, the detector 120 detects the monitoring voltage Vm
as high as the difference between the reset voltage and the
dark voltage V1. If the monitoring voltage Vm becomes lower
than the threshold voltage Vth, the controller 130 resets the
image sensor 110. Here, the reset of the image sensor 110
means to reset the light receivers provided in the image sensor
110, and thus the light receiver provided in the monitoring
pixel is also reset as indicated at (17d). By resetting the light
receiver, the light receiver may maintain the initial voltage,
and the monitoring voltage that is detected by the detector 120
becomes the reset voltage value as indicated at (174). On the
other hand, the electrical signal that is received and converted
by the light receiver before the reset is performed is transmit-
ted to the image processor according to a readout signal.

The detector 120 detects the monitoring voltage Vm inreal
time while the exposure of the image sensor 110 continues.
Then, if the monitoring voltage Vm becomes lower than the
threshold voltage Vth, the controller 130 resets the image
sensor 110.

While the exposure continues, the imaging apparatus 100
detects the monitoring voltage Vm in real time, and repeat-
edly resets the image sensor 110. Accordingly, the imaging
apparatus 100 can perform the divided exposure process dur-
ing long-term exposure.

FIG. 6 is a diagram illustrating an arrangement of moni-
toring pixels according to an embodiment of the present gen-
eral inventive concept.

Referring to FIG. 6, an image sensor 110 and a plurality of
monitoring pixels 21a, 215, 21¢, and 214 are illustrated. In
FIG. 6, four monitoring pixels 21a, 215, 21¢, and 21d are
illustrated. However, the present general inventive concept is
not limited thereto. For example, one monitoring pixel may
be provided. Further, although FIG. 6 illustrates monitoring
pixels that are located at corner areas of the image sensor 110,
the present general inventive concept is not limited thereto.
For example, the monitoring pixels may be located at arbi-
trary positions.

The image sensor 110 includes a plurality of pixels, and
each pixel has a light receiver that receives light and converts
the received light into an electrical signal. Here, the monitor-
ing pixel has the same structure as a general pixel, and the
light receiver provided in the monitoring pixel may be pro-
vided with a circuit that is connected to the detector 120 to
detect the monitoring voltage. Accordingly, the light receiver
provided in the monitoring pixel transmits the dark voltage
due to the dark current to the detector 120, and the detector
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120 resets the image sensor 110 if the detected monitoring
voltage becomes lower than the predetermined threshold
voltage Vth.

On the other hand, in the case where a plurality of moni-
toring pixels are provided as described above, the controller
130 may reset the image sensor 110 if the average value ofthe
respective monitoring voltages detected from the respective
monitoring pixels becomes lower than the threshold voltage
Vth.

FIG. 7 is a flowchart of a method of controlling an imaging
apparatus according to an embodiment of the present general
inventive concept.

Referring to FIG. 7, the imaging apparatus receives light
(S710). The imaging apparatus includes an image sensor 110.
Each pixel of the image sensor 110 includes a light receiver,
and the light receiver receives the light and converts the
received light into an electrical signal.

The imaging apparatus detects a monitoring voltage
(S720). If the light receiver receives the light, dark current due
to the light receiver’s deterioration is generated, and dark
voltage is generated in proportion to the dark current, as
described above. The monitoring voltage is a difference
between the reset voltage, which may be an initial voltage,
and the generated dark voltage.

The imaging apparatus compares the monitoring voltage
Vm and the threshold voltage Vth with each other (§730). The
threshold voltage Vth is a voltage that is set to correspond to
the photo-sensing speed. The imaging apparatus compares
the monitoring voltage Vm and the threshold voltage Vth with
each other, and if the monitoring voltage Vm is higher than
the threshold voltage Vth, the imaging apparatus continu-
ously detects the monitoring voltage Vm, and again compares
the detected monitoring voltage Vm with the threshold volt-
age Vth.

If the monitoring voltage Vm becomes lower than the
threshold voltage Vth, the imaging apparatus resets the image
sensor 110 (S740). Resetting the image sensor 110 means
resetting all the light receivers provided in the image sensor
110, and the light receiver provided in the monitoring pixel to
detect the monitoring voltage Vm is also reset.

In the above-described embodiments, the imaging appara-
tus can detect the monitoring voltage Vm in real time, and can
minimize the influence of dark current by performing the
divided exposure through comparison of the detected moni-
toring voltage Vm and the threshold voltage Vth. Further,
since a complicated calculation process or temperature mea-
surement process is not necessary, the imaging apparatus is
less influenced by the deviation of the independent variables,
and the divided exposure can be promptly performed.

The method of controlling an imaging apparatus according
to various embodiments as described above may be imple-
mented by a program to be provided to the imaging apparatus.

As an example, a non-transitory computer readable
medium may be provided, which stores the program that
performs detecting a monitoring voltage which corresponds
to a difference between a dark voltage that corresponds to
dark current generated from at least one of the plurality of
light receivers that receive light and a predetermined reset
voltage, and resetting the image sensor if the detected moni-
toring voltage becomes lower than a threshold voltage.

The non-transitory computer readable medium is not a
medium that stores data for a short period, such as a register,
a cache, or a memory, but may be a medium which semi-
permanently stores data and is readable by a device. Specifi-
cally, various applications and programs as described above
may be stored and provided in the non-transitory computer
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readable medium, such as, a CD, a DVD, a hard disc, a
Blu-ray disc, a USB, a memory card, and a ROM.

The present general inventive concept can also be embod-
ied as computer-readable codes on a computer-readable
medium. The computer-readable medium can include a com-
puter-readable recording medium and a computer-readable
transmission medium. The computer-readable recording
medium is any data storage device that can store data as a
program which can be thereafter read by a computer system.
Examples of the computer-readable recording medium
include read-only memory (ROM), random-access memory
(RAM), CD-ROMs, magnetic tapes, floppy disks, and optical
data storage devices. The computer-readable recording
medium can also be distributed over network coupled com-
puter systems so that the computer-readable code is stored
and executed in a distributed fashion. The computer-readable
transmission medium can be transmitted through carrier
waves or signals (e.g., wired or wireless data transmission
through the Internet). Also, functional programs, codes, and
code segments to accomplish the present general inventive
concept can be easily construed by programmers skilled in
the art to which the present general inventive concept per-
tains.

Although a few embodiments of the present general inven-
tive concept have been shown and described, it will be appre-
ciated by those skilled in the art that changes may be made in
these embodiments without departing from the principles and
spirit of the general inventive concept, the scope of which is
defined in the appended claims and their equivalents.

What is claimed is:

1. An imaging apparatus comprising:

an image sensor configured to have a plurality of light
receivers that receive light;

a detector configured to detect a monitoring voltage which
corresponds to a difference between a dark voltage cor-
responding to dark current generated from at least one of
the plurality of light receivers and a predetermined reset
voltage; and

a controller configured to reset the image sensor if the
monitoring voltage detected by the detector becomes
lower than a threshold voltage,

wherein the controller repeatedly resets the image sensor
whenever the monitoring voltage becomes lower than
the threshold voltage while the at least one of the light
receivers receives the light, and

the threshold voltage is a voltage that is set to correspond to
a predetermined photo-sensing speed.

2. The imaging apparatus as claimed in claim 1, wherein
the detector comprises an Analog-to-Digital Converter
(ADC),

the ADC converts the monitoring voltage into a corre-
sponding digital value to output the digital value, and

the controller resets the image sensor if the digital value
becomes lower than a predetermined threshold value.

3. The imaging apparatus as claimed in claim 1, wherein

the detector detects the monitoring voltage for each of a
predetermined number of light receivers among the plu-
rality of light receivers,

the predetermined number of light receivers is less than the
plurality of light receivers,

the predetermined number of light receivers are selected to
be at predetermined positions of the image sensor, and

the controller resets the entire image sensor whenever one
or more of the monitoring voltages corresponding to the
predetermined number of light receivers becomes lower
than the threshold voltage while the at least one of the
light receivers receives the light.
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4. An imaging apparatus comprising:

an image sensor configured to have a plurality of light
receivers that receive light;

a detector configured to detect a monitoring voltage which
corresponds to a difference between a dark voltage cor-
responding to dark current generated from at least one of
the plurality of light receivers and a predetermined reset
voltage; and

a controller configured to reset the image sensor if the
monitoring voltage detected by the detector becomes
lower than a threshold voltage,

wherein the detector comprises:

a first detector configured to detect a first monitoring volt-
age which corresponds to a difference between a dark
voltage corresponding to dark current generated from a
first light receiver of the plurality of light receivers and
the predetermined reset voltage; and

a second detector configured to detect a second monitoring
voltage which corresponds to a difference between a
dark voltage corresponding to dark current generated
from a second light receiver of the plurality of light
receivers and the predetermined reset voltage,

wherein the controller resets the image sensor if an average
value of the first monitoring voltage and the second
monitoring voltage becomes lower than the threshold
voltage.

5. The imaging apparatus as claimed in claim 4, wherein
the threshold voltage is a voltage that is set to correspond to a
predetermined photo-sensing speed.

6. A method of controlling an imaging apparatus including
an image sensor having a plurality of light receivers, com-
prising:

detecting a monitoring voltage which corresponds to a
difference between a dark voltage corresponding to dark
current generated from at least one of the plurality of
light receivers that receive light and a predetermined
reset voltage; and

resetting the image sensor if the detected monitoring volt-
age becomes lower than a threshold voltage,

wherein resetting the image sensor is repeated whenever
the level of the monitoring voltage becomes lower than
the level of the threshold voltage while the at least one of
the plurality of light receivers receives the light, and

the threshold voltage is a voltage that is set to correspond to
a predetermined photo-sensing speed.

7. The method of controlling an imaging apparatus as
claimed in claim 6, further comprising converting the
detected monitoring voltage into a corresponding digital
value to output the digital value,

wherein resetting the image sensor includes resetting the
image sensor if the digital value becomes lower than a
predetermined threshold value.

8. A method of controlling an imaging apparatus including
an image sensor having a plurality of light receivers, com-
prising:

detecting a monitoring voltage which corresponds to a
difference between a dark voltage corresponding to dark
current generated from at least one of the plurality of
light receivers that receive light and a predetermined
reset voltage; and

resetting the image sensor if the detected monitoring volt-
age becomes lower than a threshold voltage,

wherein detecting the monitoring voltage includes detect-
ing a first monitoring voltage which corresponds to a
difference between a dark voltage corresponding to dark
current generated from a first light receiver of the plu-
rality of light receivers and the predetermined reset volt-
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age, and detecting a second monitoring voltage which
corresponds to a difference between a dark voltage cor-
responding to dark current generated from a second light
receiver of the plurality of light receivers and the prede-
termined reset voltage, and

wherein resetting the image sensor includes resetting the

image sensor if an average value of the first monitoring
voltage and the second monitoring voltage becomes
lower than the threshold voltage.

9. The method of controlling an imaging apparatus as
claimed in claim 8, wherein the threshold voltage is a voltage
that is set to correspond to a predetermined photo-sensing
speed.

10. An imaging apparatus comprising:

an image sensor including a plurality of light receivers to

receive light;

a detector to detect a monitoring voltage of at least one of

the plurality of light receivers; and
a controller to reset the plurality of light receivers if the
monitoring voltage of the at least one of the plurality of
light receivers becomes lower than a threshold voltage,

wherein, if the monitoring voltage of the at least one of the
plurality of light receivers repeatedly becomes lower
than the threshold voltage while the at least one of the
plurality of light receivers receives light, the controller
repeatedly resets the plurality of light receivers while the
at least one of the plurality of light receivers continu-
ously receives light, and

the threshold voltage is a voltage that is set to correspond to

a predetermined photo-sensing speed.

11. The imaging apparatus of claim 10, wherein the moni-
toring voltage corresponds to a difference between a dark
voltage and a predetermined reset voltage, and the dark volt-
age corresponds to a dark current generated by the at least one
of the plurality of light receivers.
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12. The imaging apparatus of claim 11, wherein the dark
current is current generated in response to deterioration of the
at least one of the plurality of light receivers as the at least one
of the plurality of light receivers continuously operates
through continuous light exposure.

13. A method of controlling an imaging apparatus, the
method comprising:

detecting a monitoring voltage of at least one of a plurality

of light receivers; and
resetting the plurality of light receivers whenever the moni-
toring voltage of the at least one of the plurality of light
receivers becomes lower than a threshold voltage,

wherein the resetting the plurality of light receivers
includes repeatedly resetting the plurality of light
receivers while the at least one of the plurality of light
receivers receives light if the monitoring voltage ofthe at
least one of the plurality of light receivers repeatedly
becomes lower than the threshold voltage while the at
least one of the plurality of light receivers continuously
receives light, and

the threshold voltage is a voltage that is set to correspond to

a predetermined photo-sensing speed.

14. The method of claim 13, wherein the detecting a moni-
toring voltage includes subtracting a dark voltage from a
predetermined reset voltage, the dark voltage corresponding
to a dark current generated by the at least one of the plurality
of light receivers in response to deterioration of the at least
one of the plurality of light receivers as the at least one of the
plurality of light receivers continuously operates through
continuous light exposure.

15. A non-transitory computer-readable medium to contain
computer-readable codes as one or more programs to perform
the method of claim 13.
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